/353

[Reprinted from Foop RESEARCH, 1959, Vol. 24, No. 4, Pages 392-400]

CARBONYLS IN OXIDIZING FAT. II. THE IDENTITY AND
AMOUNTS OF STEAM| VOLATILE MONOCARBONYLS
IN A RANCID FREEZER-STORED PORK FAT

A. M. GADDIS anp REX ELLIS

Meat Laboratory
Eastern Utilization Research and |Development Division, Agricultural Research
Service, United States Department of Agriculture
Beltsville, Maryland

(Manuscript received October 20, 1958)

A considerable amount of reasearch on the carbonyl compounds of
oxidized fat has been done by investigators of autoxidative mechanisms and
reversion of vegetable oils. This work has been thoroughly reviewed by
Morris (11) and Lea (10). Conyentional methods were used in the investi-
gations and results tended to be|qualitatively and quantitatively incomplete.
Swift, O’Connor, Brown, and |Dollear (14) in 1949 isolated hexanal,
2-octenal, and 2,4-decadienal from the steam distillate of autoxidized cotton-
seed oil. The monocarbonyl classes represented by these compounds have
since proven to be the major ones present in autoxidized fat.

In recent years the use of 2j4-dinitrophenylhydrazone® derivatives, and
the application of improved chromatographic methods has given a more
complete indication of the morjocarbonyls present in a product. Forss,
Dunstone, and Stark (2, 3) in 1955, using adsorption chromatography, iso-
lated acetone, n-saturated aldehydes Cz and Cg, alk-2-enals Cs3 and Cs—Cyy,
and 24-dienals Cs—Cy; in oxidized skim milk. Recently, Pippen, Nonaka,
Jones, and Stitt (13) identified| acetone, methyl ethyl ketone, n-saturated
aldehydes Co—Cg and Cg and Cg, alk-2-enals Cs—C; and Cyo and Cqi, alk-
2,4-dienal C,, and diacetyl in 2,4-DNPH derivatives obtained by passing
air through a simmering mixture of chicken muscle tissue and water.

The methods employed by |Forss, Dunstone, and Stark (2, 3) and
Pippen, Nonaka, Jones, and Stitt (13), although having certain advantages,
require relatively large quantities of 2,4-DNPH derivatives, and are labor-
ious and time-consuming. Moregver, as shown by Forss and Dunstone (4)
decomposition and rearrangement of the 2,4-DNPH’s may occur during
lengthy exposure to the adsorbents used, silicic acid and silica gel. Gaddis and
Ellis (6) and Ellis, Gaddis, and Currie (1) have reported rapid paper chroma-
tographic methods of separating monocarbonyl 2,4-DNPH’s into classes and
the classes into individual compounds. These micro-methods have been applied
by Gaddis, Ellis, and Currie (7) in a preliminary study of changes taking
place in the proportions of classes of the volatile monocarbonyls of freezer-
stored pork tissue fat. Gaddis and Ellis (5) identified hexanal, propanal,
ethanal, methanal, acetone, and miethyl ethyl ketone in the saturated classes of
a very rancid pork fat. The purpose of this paper is to report the kinds and
relative amounts of steam volatile|monocarbonyls in a cooked and an uncooked
pork tissue fat in the early stages of rancidity.

s Hereinafter referred to as 2,4-DNPH.
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TABLE 1

Separation by paper chromato

graphy of monocarbonyls into classes®

Unheated fat absorbance values Heated fat absorbance values
Amy Spot Spot

1 2 3 1 2 3
320 0.398 0.102 1 0.237 0.155
330 0.544 0.128 0.330 0.225
340 0.660 0.162 0.402 0.312
343 0.670 0.170 0.414 0.336 ]
346 0.680 2 0.180 0.093 0.420 0.358 0.305
349 0.674 0.184 0.097 0.420 0.380 0.335
352 0.655 0.188 0.102 0.410 0.400 0.365
355 0.188 0.106 0.392 0.415 0.400
358 0.188 0.114 0.370 0.425 0.430
361 0.184 0.117 0.335 0.430 - 0.464
365 0.177 0.120 0.430 0.490
370 0.125 0.415 0.525
375 0.125 0.390 0.550
380 0.121 0.565
385 0.117 0.570
390 _ 0.554
1 Combined spots from 3 paper strips in 3.00 ml. CCle.
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TABLE 2
Spectrophotometric constants of carbonyl classes
‘ CCl, Ale. KOH
Moré(]);::srebsonyl A max, Major )max. )Iﬁ:::'
L
2-Alkanones
430-34 1.2% 535
420-6 69.09% | none
430 42.0% 520
4304 27.0% 520
454 7.09% | none
454 28% | none
456-60 1.7% none
470-4 199 | none
474-80 0.0% none
4804 0.0% | none

classes are resolved into indiv dual compounds, acetone forms mixtures with
propanal and butanal, and ethanal with acrolein.

The identification of the monocarbonyls of the unheated and the heated
fat is shown in Tables 3 and 4, In Table 3, the n-alkanal class contained pro-
panal, hexanal, and nonanal; and the mixed class is shown to be composed
of methanal and ethanal, three unknown compounds and C; — Cyy alk-2-enals.
The constants of ethanal indicated that acrolein was not present. The first
unknown compound with Ry |0.55 had spectra similar to n-alkanals but no
secondary maximum in alcohdlic alkali. The fading rate was also less than it
should be for such a type of [compound. Moreover, no n-alkanal would be
expected in this position. The other two unknowns had properties inter-
mediate between n-alkanals and alk-2-enals (5,7). No 2-alkanone would be
present in these positions. These are apparently compounds of a different
class, possibly unconjugated upsaturated compounds; although mixtures with
Cs and Cg alk-2-enals might be involved. A similar group of three unknown
compounds has been found in|/more oxidized fat (7). Constants of propanal
indicated the presence of little,|if any, acetone. Traces of acetone, methyl ethyl
ketone, methanal, and ethanal have been previously found (5,7) as the result
of benzene extraction following the carbon tetrachloride extraction. In this
instance, however, no carbonyls were detected in the benzene extracts. The
24-dienal class contained the Cy, Cy, Cio, and Cy; compounds. Identification

of the carbonyls in the heated
The three unknown compoun
dienal, present in unheated fat
ever, octanal was present in
unheated fat.

Table 5 shows the amounts
in 10.0 g. of fat in terms of ab
The absorbancies-of the class

fat, shown in Table 4, presented no problems.

ds, methanal, ethanal, propanal, and nona-24-

were not detected in the heated sample. How-
the heated fat, and was not observed in the

of the classes and individual compounds found

sorbance, micro-moles, and micro-mole percent.

es are corrected values for monocarbonyls in
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100 ml. based on the recoveries (discussed in a preceding paragraph) in the
class separations, and the fact that the mixed class from the heated mono-
carbonyls was found to be composed of 27.0% n-alkanal and 17.7% unknown
class. Micro-moles were calculated on the basis that three micro-moles in
100 ml. of carbon tetrachloride were found to have average absorbancies of
0.640 for n-alkanals, 0.861 for alk{2-enals, and 1.160 for alk-2,4-dienals.

The qualitative and quantitative changes in the carbonyls on heating are
of considerable interest. The fate |of methanal, ethanal, propanal, the three
unknown compounds, and 24-nongdienal on heating is not clear. Hexanal,
propanal, and ethanal (5) have been detected in volatiles trapped during
heating. The indication has been|(7) that the amounts volatilized during
heating are relatively very small. However, most of the compounds that dis-
appear in the heated monocarbonyls were originally present only in trace
amounts. In earlier experiments with more oxidized fat, propanal has carried
over into the heated monocarbonyls |(7), but methanal has never been detected
under these conditions. It is probable that such disappearances are due to
both destruction during heating and |volatilization. Hexanal and deca-2,4-dienal
(14) were predominantly the major compounds in their respective classes in
both unheated and heated fat. For|instance, on a micro-mole basis, hexanal
was 90.3% and 96.9% of the n-alkanal class, and deca-2,4-dienal 89.6% and
97.0% of the alk-2,4-dienal class tespectively. This might cause failure to
detect some trace amounts of monocarbonyls since the capacity of the filter
paper is small. Hexanal was the major monocarbonyl in both the unheated
and the heated fat. A similar obseryation was made by Klose (9) for rancid
turkey fat. However, hexanal showed a decrease in the heated fat, while
deca-2,4-dienal and the other unsaturated monocarbonyls increased consider- -
ably. The five alk-2-enals were similar in proportions.

Quantitative data given may be considered tentative in nature. The
method for separation into classes i3 reproducible (7). A mixture containing
known quantities of the four classes, methyl ketones 24.6%, n-saturated
aldehydes 20.8%, 2-enals 24.1%, and 2,4-dienals 30.5%, was found to contain
25.3%, 24.6%, 24.0%, and 26.1% respectively (6). Thus, values for 24-
dienals may be somewhat low and the other classes high. The difficulty arises
from the fact that the classes of compounds handled vary in stability. The
alk-2,4-dienal hydrazones are particularly sensitive to light and air (6).
Further study is required on the quantitative limitations of the procedure used.

SUMMARY

Micro-methods of separating, identifying, and estimating monocarbonyls
have been applied to a freezer-stored pork fat in the early stages of rancidity.
Trace amounts of acetone and methyl ethyl ketone found in earlier studies
with more oxidized pork fat were not observed. Heating at 165° C. influenced
not only the amount, but the kind of monocarbonyls detectable. n-Alkanals
Ci1, Gy, Cs, C, Cy, three unknown carbonyls, alk-2-enals C;, Cg, Cy, Cio, Ci1,
and alk-2,4-dienals C,, Cy, Cyo, C11 were found in the unheated fat. In the
heated fat, n-alkanals Cg, Cg, Cy, alk-2-enals C;, Cg, Cq, C10, Ci1, and alk-2,4-
dienals Cy, Cy9, Cy1 were observed.

Tentative quantitative determinations indicated the micro-mole content
of the identified monocarbonyls. |[Hexanal and deca-2,4-dienal were the
dominant compounds present.
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